Zirconia doped with scandia and ceria (10Sc1CeSZ) is presented as an electrolyte in cathodes are also tested under external potential load at temperatures between 600 ºC and 900 ºC. These preliminary results demonstrate the suitability of 10Sc1CeSZ as an electrolyte for SOECs although further work is required to develop suitable electrodes.
Introduction
One of the major concerns in research related to future energy sources is the production and storage of hydrogen. In order to achieve zero-emission hydrogen production the hydrogen must be produced from non-hydrocarbon sources, such as the electrolysis of water. 1 At present the state-of-the-art technologies in electrolysis are low temperature alkaline and proton exchange membrane (PEM) electrolysers. The problem with these low temperature technologies is that >2/3 of the cost of electrolysis is due to electricity demand. By increasing the cell operating temperature electrical energy demand is significantly reduced. 2 In this field, solid oxide electrolyzers (SOEs) offer significant power, and hence cost, savings over conventional low temperature electrolysers.
Nuclear power, renewable energy and waste heat from high temperature industrial processes could be used to supply the heat and power needed for electrolysis. According to the studies of Mogensen et al., 3 SOE technology has the potential for the production of fuel from renewable energy sources or with excess energy from the primary and secondary control of existing power station capacity.
In a SOE, water is supplied to the cathode side of the cell, oxygen ions are transported to the anode through the electrolyte, and the hydrogen is produced at the cathode side. The reactions in the anode and cathode are:
Another advantage of SOEs is that they can operate reversibly as Solid Oxide Fuel Cells (SOFC) producing electricity with high efficiency by consuming the stored 3 hydrogen. Where a fuel cell is capable of being used as an electrolyser cell it is referred to as a Solid Oxide Regenerative Fuel Cell (SORFC). 
Experimental
For the electrolysis measurements, 10% The phase purity of the supplied samples was confirmed with X-ray powder diffraction (XRD) using a Philips PW1700 series diffractometer with Cu Kα radiation. The XRD data were refined using the FullPROF Rietveld refinement program. analytical system (EDS) for elemental x-ray analysis. DC conductivity was measured using a 220 Keithley programmable current source and an Agilent 34401A multimeter.
For the electrolysis measurements Pt electrodes were applied using Pt paste (6082A, Metalor), deposited on both sides of the pellet which was then fired at 900 ºC for one hour. Pt wires were used for the current supply and potential probe and a Pt mesh was used at each electrode as a current collector. The sample was then attached to a zirconia tube and sealed using a glass sealant (Encapsulant 8190, DuPont). Nitrogen was used as carrier gas for the gas flow to the cathode when Pt/10Sc1CeSZ/Pt cells were used. Mixtures of hydrogen/nitrogen were required when using the Ni-YSZ/10Sc1CeSZ/Pt cells in order to avoid the oxidation of Ni to NiO. Steam was supplied to the cathode by use of a gas bubbler in water surrounded by a thermostatic bath maintained at a constant temperature for the required amount of steam. All gas lines located downstream of the humidifier were externally heated in order to prevent steam condensation. The anode side of the cell was exposed to laboratory air.
A frequency response analyser (Solartron FRA-1260) and electrochemical interface (Solartron FRA-1286) with supporting Zplot™ and CorrWare™ software were 6 used to collect and analyse the electrochemical data. Electrochemical impedance spectroscopy (EIS) was performed using an Autolab PGSTAT30 fitted with a frequency response analyser (FRA) (Autolab, EcoChemie, Netherlands). Impedance measurements under potential load were performed in potentiostatic mode using a sinusoidal signal amplitude of 20 mV over the frequency range of 10 kHz to 0.1 Hz.
Results and discussion

Characterization of the 10Sc1CeSZ electrolyte
Phase purity of the 10Sc1CeSZ pellets, provided by Kerafol, was confirmed by XRD. The analysis reveals a cubic single phase of the stabilised-zirconia (space group In Figure 1 (left) we present a SEM micrograph showing the typical microstructure of the sample. The estimated relative density determined by the Archimedes method is 98.6%, and the average grain size, using the linear intercept method, is approximately 5 µm. The thickness of the electrolyte (155 µm) was also estimated from SEM images.
Total electrical conductivity of the pellets (16 x 8 x 0.155 mm) was determined using AC impedance spectroscopy for the low temperature data (up to 700 ºC) and using the DC 4-point Van der Pauw method 13 for higher temperatures. At temperatures above 700 ºC, and due to the thickness of the electrolyte, the resistivity of the sample is comparable with those of the Pt wires of the electrochemical rig, so it is necessary to use the DC 4-point configuration to measure the conductivity at higher temperatures.
Below 700 ºC, the measurements from both the DC and AC techniques are identical. In Figure 1 (right) we present the results obtained compared with the values obtained from . This also indicates that there is no leakage between the sample and the zirconia tube. In Figure 2 (left) we present a series of galvanodynamic measurements performed with a scan rate of 0.1 mAs We have also studied the evolution of the voltage over the cell when applying a constant current. In this short-term experiment, the degradation after 5 hours is very small and corresponds to 0.07% when applying 0.5 Acm Evaluation of the performance of 10Sc1CeSZ in electrolysis mode at higher steam concentrations is also required, as the overpotentials observed should be reduced with
especially in the high current density region, probably due to an increased transfer rate of water vapor to the reaction sites. 17 In figure 3 we present the . This result is slightly higher than that obtained by O'Brien et al. 16 They observed values of area-specific resistance ranging from about 0.5 to 1.0 Ωcm 2 , depending on test conditions using single electrolyte-supported button cells of scandiastabilized zirconia (~175 µm thick). Note that these results were obtained at higher temperatures (800-900 ºC) using strontium-doped lanthanum manganite and the nickelzirconia cermet as electrodes. They have also observed that the degradation of ASR is associated with thermal cycling of the cells.
Electrolysis characterization of Ni-YSZ/10Sc1CeSZ/Pt single cells
We The impedance data under different potential load is presented in figure 6 . The ohmic resistances are about 0.11 Ωcm was also observed. In the figure, we also present the AC impedance at OCV after both SOE and SOFC simulations. The R p was found to increase slightly (~3%), attaining a value of 0.73
In figure 7 we present SEM images (fracture cross-sections) of Ni-YSZ/10Sc1CeSZ/Pt cells before and after the electrolysis experiments. Figure 7a (before) and 7b (after) show the 10Sc1CeSZ/Pt interface of the cell. We have observed a few cracks in the electrolyte grains near the Pt electrode after electrolysis. We do not have evidence that those cracks have not been produced during the fracture process, although we have never observed them in samples before the electrolysis experiments.
In figure 7c we observe a general cross section of a Ni-YSZ/10Sc1CeSZ/Pt cell after electrolysis. We can observe that 10Sc1CeSZ grains near the Pt electrode present 
Conclusions
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